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Abstract: 

A method of forming a silicon polymer insulating layer having low dielectric 
constant, high thermal stability, and high moisture resistance on a semiconductor substrate 
is applied to a plasma chemical vapor deposition (CVD) device. A first step is to directly 
evaporate silicon containing hydrocarbon compound expressed by general formula 
Si a O p C x H y (here, a , P , x, and y are integers) and then introduces the evaporated 

compound into a reaction chamber of the plasma CVD device. The silicon containing 
hydrocarbon compound has at least two 0-C n H 2n+1 bonding and at least two 
silicon-hydrocarbon radical bonding. A second step is to introduce an additive gas into the 
reaction chamber. Residing of a material gas is increased by reducing the amount of flow 
of a reaction gas. In this way, a silicon polymer layer having low dielectric constant and a 
fine porous structure is formed. 
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3I5!£}°1 *J£|^ »£|D) S 3 Iggg 



M3\tz »BJ£0t CV0 9 a Oil ^§9Cf. XII 1B^lb Sm±J Si o 0 p C x H y ( a . 0 . x « yfe 

s s^si^ g© sfi^ge m**M2i am sua ssss sy^o* cvo smsi 

£^Ai3i^ ^oia. *Jd|s & o ^^^^ gets© sip] ¥ ^ H o| o_c nH2n+1 sea ^c*£ * 
^hhj ^die-^sf^^ ^pg- ii§ n ag g^i- sejapi^ 301 

p. xHg }^si AieiB ye j\±2\ es°^Mi mo\l\h, ^^o^ 
?\ ^8 oi aii as at ^di^ saows g«eo. 



£ 18 S ^S2J BBS* g^Oil OlgSfe fi£F*0* CVO gxIM UEfy ?H^f£. 
£ 2^ PM-DM0SM XH£ At§& ^gOIIAH UI^S «H 

31 y§ ^^2j ssgrasi skxib UE*t« zieHH, 
a. 

£ 4^ Stf^ EII^MOUH ^ CHI °| (PM-0M0S, DM-0M0S)H^^Q CH 4 ^F ^^§0|| }|oi^ ^Xl& 

mm oie ^^hi ^^egi soi^^ 32hh. 

£ 5£r ^ (PM-DM0S. 0M-0M0S)0l|AH g^Q 2x^1 ^Xf2| 4- Oil CHgm^ SS£2| ^s} ^ Eil^^ 
Al Q\WM »afS ^f^Oil 2| S ^« e^^S SO|?b DeHHOIQ. 

* ¥^0il CHff * 
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ah Of Of -<2?A7 
o — f — } — 7 



BfgOf ^oftr Jig W J SOW &EHJIik 

S BBS Sl^o^ifr Jl^Oii SB 2!°^AH , ^51 B>£»| ?|»#2| ^dl^ MEICH ^2^Hf 

Ma^OI- CVD (S^ gS|) A r ge B 00*21 8gStB0|| 2101 a. 

B*£»l S»2| 3ii£ 330il CH& Q^P gPfOil D\2\b\0\ CIS tiH£ ^l^(mul t i-layered wiring 

technique^! ^8 S2 HQ. 3HU OIS OS ^FSOII/Hfe JHtf dH£M ZJ2| §2 8»0| 

3^ e^OII SOWJ\ BO. §2 ggfS mo\J\ $\oWM£= «0OJ2| ai^S &4*(relative 

dieletric constant )B gOIOt B mO-l\ 9JLO. 3 BO AH b|^2 bim^ Q3» XHSMOI B 

g£H9J A^g°|oj siO x ^, &± 0 2 tf»B£ H 2 OD\ SiH 4 EE}= SKOCgHshSf SB ^die XH^ 

Pr^Oil 6h»»l£Al D[§ BOIU Oil LI XI Oil 2ISH xHdl£lfe &SOII oH SSaCf. SiO x 2| 

H|^2 4^te at 4.001 CK 

QB ^SCHIAHfe Mdr^Dr CVD3S 01g6hQJ XH^ 3^0 C x F y H z ^¥Ei ¥§i M^S^sf 
&^aj(fluorinated amorphous carbon f i lm)S ^Ssi&CK 0! &^2J bl^£ &^£= 2.0 U)X| 2.4^ 

10Q|°| b|^2 feh£B SOl^ £ 6rU°j Si-0 1§J2| £!S£OI 0|g5fe 5101 Cf. 

^dl^ »« «3Rg Mdf^Ol- CVDSOii 2|6h0| 1 £ = (Torr) 0|6f2J Oil AH XH£ ^>^¥EH ^ 

^@a. XH^ ^dl^ 9BB0 P-TMOS (IHIU MdlDil^&K SW^I 1) Oil AH 0SWXIDI. 

HHM^S (babbling method)01l E>|6H ^I^^CL 01 *3W2| tilSS fi^fc 3.1 ^ v Cf. 



0CH3 




0CH3 



bl^S fe^B M0|^ EE C[§ »BS B| LHOii CfS OlgoFfe 3S0ia. §2 

o|g ^5l3M(spin-coat)S0j| ¥31 SOG Mil^¥EH A J^9Q. 0| 109|o| dl^S &4^ 2.3 § 

3dHu atBBoiifc? aeut ars esoi &a. 

0XH. i = 2§£[ e±o>° S3 0S« (370X5)01 ^3, ^dl^ S 21313 

^Q. ^3 o}§^0| ^2| OH ^ Oil 400 "C 01^^ II £ Oil AH ^ ^Q. §^^01 

6PI ttH^Oil 3 QtOI ^^il 3JSXPI£ SO. CH^PU 2131^ S^£^f ^Ol HH ^ CHI OH^l XH^M^ ?IEUg 
211 ^ h 4^ 

p-tmos mxmm o\mmo\ edinw(oiigomer)^ p-tmos 32Hhi o-ch 3 mmm mm 

Oil D\® amWM ftl^tMslloxane) ^P^M S«8fX| 5: V X| 

MdlUm^ Si Pie^WIAH CfS m&m ^ SO. ^. 5*W(deposlted film)S| 4 s 

HCJ. 3 ^Hf. 01 b |^2 sewxi boppj M^^a. 

01 2f &^6r01, OHMS^B 0^2 Sfil ^r^S SU^AI^AH £CHX|fer B§S| e^lS 

SB} ?\±2i e!§^^ MOIMUife gfaOIQ. S^2£ 01 ^SOilAHb XHS SSAPPI 

^ShCM rj^SI S«J ^fi^ ehQ. n ^Hf XHS J\s\ ^ EH Oil AH 3B8PI0II AI21- 

ejb ^e^oii me 4^ ao. 

CH^OI, ^El^MS^ SOG §8}e|S ^d|^ UIEFOII g^M 3^oMI £Slf 4^ ^XIPF 2^3, 3 

g 31 § A|^^(cure system)0| b[MfC^ SE Pi ^XlPh 2iP. 



CftdfAH S ^S°J ^ =518 PH^a SI 3 iS^i XHgarfer aoia. 

e ^§2] bi^^i yns/d 2!§£oi lh^^oi ^3 s^^oi m& 

or n is&ai *ii§s>i= 3101a. 

e ^SHJ SE ae ^518 ^CH3 bl^S ^££AH ^^§^01 fe3. LH^^OI k3 3 ^£01 

b 13911 iii fligsfe 5101 a. 

e SE QB SirhJI^ &x|B WQ.sL o\X\ ^S0AH bl^S ^4-^f ^8 IS^i ^>il IS 

6^ a«8n= sabia. 
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a^g, BIB**! Si a 0 0 C x H y (a, 0 , x S y*r Hi*£lfe ^die &§}^± sliJMM 

g^AI€J DM MBI^OF CVO Sfl2| yg*!S ££J6fe BXI; ^^^o^ gj^g 

a J§^§ Moisui^ e^i; * sa^oi- seai emoii 216H behi dib&ou ge^ts sgdt^ 
&nm sesim . as ji^s &s mmmit aswxit en- ?r 

^ ye m^AH oig&a. §^ 2^21 s^si a^s ye ^±21 2x11 ssroi mo\^ 

sol e araa mx\m ^soia. s ^goii n^s hi^s oiaii as 

^(micropore porous structure)^ ^£1^ MB-ICH^M ^SAIiJ ^ SICK 

a. 



» s soil ah s&*i siaOpCxH y (a, p , x si yt 340s s^s^ ^bi^ &m^± mmmo\ 3 

CH£ ff }H°I Si-0 3». 2^H OlohSJ 0-CnHa*, 20 S ¥ 3>H2| *J£l^(Si £K4» Bffi- 

a»s s ^ctf£ onn ^to. 



R1 

1 

C n H 2o+ ,-0-Si-0-C m H 2m+ , 
I 

R2 



04JIAH R1, R2£r CH 3 . C 2 H 3 , C 2 H 5 , C 3 H 7 . C 6 H 5 s SfUOIH, m. nB S^CK 

Si^ §hj-m= xii£iAi5i^2, ^di^ »$? ift^goii (3)21 h^s^ stars e 30] 

£ am* ma ^ aa. 



-^4*4' 3 



R1 



R3 - Si - O - C n H 2n „ 
I 

R2 



04^1 AH R1, R2, R3£r CH 3 . C 2 H 3 , C 2 H 5 . C 3 H 7 . C 6 H 5 5 6H40I2, S4*Q. 

aae stvss ms\M3\n, ^ai^ as stetson sum (4)^ s^£i*= st&s s 3oi£ 

ami pja 4* act. 



R1 R3 



C n H 2n+1 -O-St-O-Si- O - QnH 2m+l 



R4 
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CM 7) AH R1, R2, R3, R4fe'CH 3 , C 2 H 3 , C 2 H 5 . C 3 H 7 . C 6 H 5 g SIU0I3. m. ng §4=Cr. 

age summE: xii£iai3I3, ^sis »g &m^± Simmon m^iM (5)s sesife stars § ^che 
ami 3t§ 4= &ct. 



sfSf^f 5 



R1 R6 

I I 
R2 - Si - O - Si - R5 

I I 
R3 R4 



OHIAH R1, R2, R3. R4, R5, R6fe CH 3 , CzHa, C 2 H 5 . Caft. C 6 H 5 g otUOIH, S3t 1\±\= Ot = £(Ar), 
SS(He) 3EI3 <L>2t§!;MN 2 0)£t t*MO z ) g StUOICt. 

age a&gg Hisiam. ^£ie B2t4=4: st&soii sttf&i (6)£ nsab sttfg g 3oi£ st 

US SifAia 4= 2iCt. 



R1 
I 

R2 - Si - R4 
I 

R3 

01 51 AH R1, R2, R3. R4fe CH 3 , C 2 H 3 , C 2 H 5 . C 3 H 7 . C 6 H 5 g 5tLtO|3, t!3t 3t^i= 0t = S(Ar), SS(He) 3 
EI3 a-2H*£(N 2 0)£t a±(0 2 ) g StUOICt. 

01£!8| IHS 3t^01| *J£|B »» BSt4*± St eg g 3CHE B 3HM 3t§! 4= SICt. 

S ^S2| a§ SOtOll ©SB. §BQfS 31B&0II Sm*! 2£ SS9fe ^£15 &St4=± 

StSgg JDS 3^8 OlgSIOI gEISOt CVO S XI Oil A) g£t£Ot 0HLH.X|2t CHgCH ggtSCt. 

01 S| Oil £ SB^S 3IB&0II SfSf&i 3££ SBEJfe 4! £13 B2t4=£ StSgg gjfc XH 

S 3t^B 01 §8101 SEtESOl CVD &XIOIIAH i£t5D| Oil Li II a CHS 01 gBEICt. 

SE SBSfg 3IBS0II §^92 fiW&l 4£ fiesite ^EIB B2t4=£ MSI £fe XHS 

OlSStOI SEt^Ot CVO 9XI0II AH SEtSOt dim XI 2} CHMCH g&£!Ct. 

a gcgsiS 3IB9CHI SSSIl 5|5f4| 5S agSlfe 4JEI5 &4? B 214=4: £t«S8 XHS 3t±S 

oisstoi SEt^ot cvd sxw\m SEt^ot onuna cngcn gesct. 

SE IBeie 3IB90II 2ts}A] 62£ SBSIfe *JEIB BSt4=:i SISIfs 3>fer XHS 3t>i 

s oisstoi s£t?sot cvo sxichiai seisdi oiilhxisi chmoi ge^ct. 

S ttSSI SE CfS SOKHI D20 8 SO* il§ 3|St 9EHS 3IB 3W0I 329 Di SEt^Ot 

CVD SXI0IIA1 XHEI3CH SIS} BSOII sy^ ^g^OII §BB|g SgAl^lteai, 3 giS 21^ 2S 

a 2tttgoi m 4* act. 

SE SBe| §§S 3ISt 4tEH=. 3IB 3HH0I SSE! a§ §£1^01 CVD SxlOIIAH xHdlSOl s}S} 

SOII £1§H ^IB^OII SB^IS 8«AI9ltQI. □ 11° »^*| »&SOI S 4= SICK 

SE SBei IS iiS 5121 ^EUS 31 B 3I7JIOI 138 CIS S£^SO^ CVD SxlOIIAH xHEIBCH 2W B 
§011 2I6H D\&&0\\ SaeiS S^A|3lfeQI. 3 §iS 21*1^ 4£ Bg@ 21ifgO| § 4= Si CI. 

SE asa* IS SSS ?IS1 Sals. 3IB 3W0I S3@ CIS SSI^Dr CVD SxlOIIAH xH£iaCH 21 §1 B 
SOII °ISH 3IBS0II §BSfg S^A|3|feQ|. 3 iiS 2|Sfij 5S S@@ 21&gO| g 4^ «Cf. 

SE 1BS| §^ gig 3121 4fEHS 3IB D\mO\ S3@ CIS S£1^0 r CVD 9 XI Oil /H XH£I901 SfSf B 
SOII 216H 3IB90II §BQts S«A|3|feBI. 3 fig 2|S}&j 62S SgS 21&S0I S 4- SIC1. 

94^ AIB S 31^ ^gf 

BS 31^21 AIBS BSOII CUB BS^SI lH t BSOII ^SB . BS 3^°| axil ^gOII E 

31SI01 §§BCf. BS 21^ g eg 1 LHXI 10 gsoj go, uo , o^q^ g^^oig ^IIS|3| 
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?1oHAHb 3 LHXI. 7 driJ^Sm. 0| £>S }r^2| fe^ AlZie k&PI ^o\\M 

fea. °|oj ai^s goi^ai y§ :>r±2i a»i ^^oi efiaFD. xhs }^2r mil d\± 
21 dig xiioiofe 28 H26 r xi sa. a^2£ Aiaoi a<»* hiss skhsck ate 

§^6feQI HS6* XHS 2f±2| Slf8 S6fb e^MDI 3 s*0l i^Srz 3I&2| 2*1 Oil a>£} 

D. 01IS MS Jie [r(*!Xie) = 100 mm)0llAH gSr» 300 nm/min2{ °rg S£8PI ^ 6H AH *iCH£ 

50 sccmHI IH£ ^fr^M B*g JF^Oil SSA|3f(H BT Qll&SCh CH^ k 3I»2I ££3(m 2 ) & 

1.6x10* sccraOia. AI2HR02S 2*1 ^gfg 3B ^ 2JCK 2xHg Rt^h § SB XI 2 UIB 

25(e Rt2J g?]^ 100 msec< 1 RtOIH, MCf WBSie Bflte 200 msec<Rt<5 secOIQ. g£H2j MBf^ 
□f TEOSOIIAH^ Rt 3»h 8IHHS|23 10 LH XI 30 msec S ^ Oil 919XQ . 

Rtts] = 9.42x10 7 (Pr ■ Ts/Ps ■ Tr )r W 2 d/F 

0\D\M Pr: etsa S§! (Pa) 

Ps: CO (Pa) 

Tr: as :>r^2j 8£ (K) 

Ts: Rm (K) 

IV ^ai^ 3|»S| BJXI8 (m) 

d: ^£ia Plea 2^(upper electrode) ArO|2] BZ> 
F: ^§ Jr^2j SH 8» (seem) 

£PI ^ Oil AH ^ AIZJB ^ ^XPf ^S^Oil D1¥fe AlZIg 2|DI»Ch 6^ AIZ! (Rt)fe 

Rt=aV/S3 SI^S 4* aitedl. 01 J I AH Vfe B^ggo) ggKccJOIH ^§ 3r^2| ^E|(cc/s)0|I2 a£r 
HSAI2I HEH K ^ ^^2! HO? M012] ?|x| 331011 2joH ^§£1^ 31 4^ P. Oil AH &!§§ 

flB 321^ 3I»2| SH^Kicr 2 ) 9t »fl 6r?i 2^ M0I21 sZfOII 2J5K aaaQ. £!§ 9Z*S 

§HI5^ D\± SSM HZmO\ afe 1/23 4^ SICK #21 ^ Oil AH 1/2CL 



3I£ sHJ- 

S US Oil die 12^ 8SgjaOII/H XH3 Pr^fe fiQ^B ^CH£ S D\\9\ Si-0 £ICH ¥ JU°\ 

0-C n H2 n+1 ^ ^01£ ^ ^H2I ^£l^(Si)-&sf^^ dFP^ ^t^M ^ &lf^4: SI^M 

oi a. s oi xh^ *\m mmmm mm nm^a. 01 ^^^g bi^s ^4^. ^ 

Ma ^xii*<2^i=, g^soii hjoh D\m& xh^ s^e aizi m?} ssi^oi-oii ch§ 4= si 

a. 3 ^Hf MdlCH^^ §^£ICH nOI 2 01^21 ic^ ^1^ (sl^l^ 7)M ^ M£l 

DiPr ^ EH Oil AH ^^^Cr. 3 * MdlCH^ «|£xfl PIB^OIAI S«f£ICM 01 All Cfg ^P^B »t 1 



XI 



R1 ^ 
I 

— Si— o 

I 

X R2 . 



— X2 



OI^IAH X1, X2^ 0 n C m H p eJQI 0 SEfe 10IH mif pb OM S&S §4^0ia. 

b aaoii a>2 S> i^ovg 3 ^^^^ ^xf Moioii ^ mm oiiuxie ^fe si-o ^t^e a 

^l OH g Oil AfQj^o^ ofggf gf^Cr. SES 0| All ^3E0PI EDi^Oil HISS ^4-^r ^a. 

CH^U ^l^ ^ (-Si— 0-) n fe gf^OI ±^&m 3>fe ^§14^^ £rCISS ^Ufe M5s| ItHdangl ing 
bond)OPI HJigOII dl^S ^H, 0I2HS ^^01 LH^^M SI S»Q. &sf4^4i eiCIBa- ^Bl^2| 

^t^^ ^w^o^ aaaioia. oiis is on a vemm it si-ch 3 iy hi a gar si-c 6 h 5 ^ 

500t 0I&2I oH£l ^^(dissociation temperature)^ i>^Cf. &1\ BEfll XilMOijAHfe 450^0 014*21 

g£oii chs oh§^e Q^P6pi nHsoii oi aa^a n a at asai 4^011 ^ichah ^aim 

CK 

£ tfS2J SE ^OL S §SS ^^6fe bF£r 1T£ df^^l^- 0j|Xi|2| ^AHg[ ^ S CHI 2|6H 



011X11 ^?^2J JWQ 
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EE IS B HT90II Olgtf 4* &b BEISO* CVO 3XIB ]R5{2S UEiyjCh 01 §»fe »S ^ § 
3 3» 122* CVD SX| 1^ &W Di± §3 Sfl 12b ^(plural lines) 13, m 

£! 1301! bHxl^ XHICH «g« 8HJ- D\± 14, 15 ^ 16°S 9^9^. 8S SICHPIfe ±% g>*£| XHS 

}|^2| 888 XilOioPI XII CH ^M 8011 £§£JCH 2iCf. SMI ^1 eg 188 ^g6fe ^Eil 

OILP* 17011 £^£JCH ^aiM 7\§\MHQ. ME^QI- CVD 3*1 18 BiSAI 6, ^£J^ 

5, AH EH 3 SE SIS 2^ ^SSCf. £g 2^ m& MaiOlM 108 3l± ^£J^P b[£ ^ CHI OHxl£ICH£t 
D. £^ 3^ BBIIOIM 108 3 JHHOII Q4>2| DIAlie (opening)^ 9iH 3^B >UI 

^¥EH B*£H| 3|» 40il ^gJAIS ^ 2iCf. 62) XH^'Oife mi\=? 1V\ 9XQ . Oi dH^I^P 118 

EAISH &8 2I¥ £!S SHOll 2^£i01 2I0UH 62J U^M dlS ^ SICK AH EH 38 

^ MBiioi^ ion} uesi o^am sia. ah^jeh 38 n «oii sib ehsai d\b aw x\ x\mn 

6IEH 2S. 351 ^Al^JCf. ^ 5b 6£S¥EH ^££H 2j¥2| H^Ef S3 9 Oil £ 

^£ICH ^SOIIAHb AH £j EH 301 2£! 9011 4= SID. 3dHH^ 2^ a*tf 

10Hf AH £j EH 38 H^HI- S^xHS SfgShOI ^Exll D\E 42] S3 Oil £§5^1 fiySDI- ^§ « 

e arson gy^oi- cvd sxis oigsKM m&^m vi^m d\bo\\ BSAi^ite saa sei sm 

±! Si a O 0 C x Hy (a, 3, x « yfe S4*)£ S^SJb tfas »S B»4*4i sliil SttAIZJ □§ 

BE^Ot CVO Sxl 12J 62^ MOIMLUb 8301 ^^^o^_ g0) = §^ Ji±m 

62^ eoisuib bsi. §j ^die »8 ^^^4: a&so«AH e^cHiib &m XHS s s 

^1^ ?^^L[. SEth, ^^2| ^2| y§ ^f^2] Sxil ^^01 ^^^o^ eCH8ab 51 

01 £ ^S2J ^XHe!" ^SOICL 

oi a e- ^S8 aa ^aiis^i 3aom. 



£ ^SOII CEf^e. a^^l Si a O B C x H y (a.0, x S yb S^£|b ^El^ If 

&BOI ^1CH£ S JH2J Si-0 ^th, 2^H 0|o*2J 0-C n Ha», ^ ^Oi£ ¥ ^H2J &a(Si )-B»^i: d* 

ci^ mmm ^b mi^M2i 5joi o^^oha. Ma ^xii^o^b n ^ei^ m& mmm^ 

(A) Sf=[Ai ( 2 )£ SAISEib »»gO|^U. 

[aafAi 2] 

R1 

I 

QH 2o4l - O - Si - O - C m H 2m+1 
I 

R2 

OI^IAH R1, R2b CH 3 , CsHa, C 2 H 5 . C 3 H 7 . C 6 H 5 B 6FU0I3, m. n8 

(B) »fif^ (3)2S SANb 9BB0I7IU. 

3] 

R1 

I 

R3 -Si-0-C n H 2n+1 
I 

R2 

Oi^lAI R1, R2, R3b CH 3 , C 2 H 3 , C 2 H 5 , C 3 H 7> C 6 H 5 S 6fU0|3, n8 S^Q. 

(C) 2}ttt&| (4)S SA|£lb sf^MO|>iU, 

4] 

R1 R3 
I I 

QH 2o+1 - O-Si-O-Si- O - QH 2m+1 

I I 
R2 R4 

OPIAH R1. R2, R3, R4b CH 3 , C 2 H 3 , C 2 H 5 , C 3 H 7 , C 6 H 5 § smoiH, m, n8 S^D. 
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(0) »e>±j (5)1 HAI£fe SBSOI^U. 
5] 

R1 R6 



R2 - Si - O - Si - R5 



R4 



OPIAH R1, R2. R3. R4, R5. R6^ CH 3 , C 2 H 3 , C 2 H 5 , C 3 H 7 . C 6 H 5 m »U0|«, 3 »§fgg thSHIS &!"»* 

±(n 2 o) se^ <^^(o 2 )£f s&aa. 

(e) (6)21 saiej^ mmmo\ci. 

[2}ft>&] 6] 
Rl 

I 

R2 - Si - R4 
I 

R3 

0W\M R1. R2, R3. R4^ CH 3 . C 2 H 3 , C 2 H 5 , C 3 H 7 . C 6 H 5 S »U0IH, 3 Sfflgg 6*2} SIS U»a±<Nrf» £ 

t <l^(o 2 )» ssaa. 
a. 

S Oil XII Oil AH Afg£ii= §51- ^te fiCf =PM|S|©Sfe 0H5 D\± §J if D\±a. M£f^QFM &hS Al 

3|^QI OUS J\±J\ 4^1 Afg£|X|°l IJM M^ZSQ^ ^gJ£(uni formi ty) ^ 12^21 ^M9\ 

Ss^ 3 Oil AH , SttSI Ml 1 ejlfc SSOI X-ilCH£]^ m*£0\ Oldl i^SS g^lOIIAH mM 

Oil 5|&£Jfe ^^OlCf. Old-ie!" i^Sg 5§ gf£| JUS Jf^M £Pl floH OH^B gjo D\ 

±m i21 SfXI dttzQ. 0| dHM^SHI 3}! CI^CI. Q%£2\ 0H5 CH 
6|& SfioUl SPI [EH § Oil 01 }^2| £jfl| ^§1 l^AI^IM CfSI/d XH1 

□hoii m^fe aib* itai^a. 3 §21- swai §f§ mm &so\ hoiuhi £S aam* h^aiij 

4= £13 01 Ail Lfg 9£S S>fe e|M £g ^ SICK 

£ 1 chi ah m± sei? um eoH uitta ^ixHife ^ai^ »$? &*i4>± mmmvi m\\ eie 
i8* ^£ 13s eati Mien ihi soiyicK men ss« 801 »s mo\d\ m %n ae e§ ishj 
sg§ aioisfHi 3 mmo\ ±& &m sasixi &fea. a^a ^ai^ a» ass 1801 

ss:i 17^ sisscH s^e- sis esaoii hish o^sa mms sej^ 1521 16S 

goli 5S£IH 80I OIS MlOi^CI. XHS P^2[ §^ ^^2| ^^18 ^h^l 

3 ^ Md^O^ CVD Sxl 1S| ^gj^? 5 Oil gSSCf. 6 LH2j J\± mtt MdlOl^ 10 HI aEMI 

B 4 M0I2I SehOlte RF SB, 13.4MHz 31 430 kHz2) dfPS ^Hf^^F 21D\S\$= ^01 b^SJofffl, 3 
M£^0F ar«BQ. AH SI El 3^ 61 EH 21 a £381 PIB 4S DtHMZl ? 3 3IB 4 

^§ ^ IE Oil AH ^XI£|^IS 6^ CHI, 350 LH XI 450*0 S3I0IM 1021 01 -Ml 

^PM §5H ^§ AIB eiEfll PIB 42J fiS Oil ESS! Mdh^DF gEOII y 

Aieioi ^23 Mdim^f g^ai e^i ^ a^H^ pib 4 oil m^B qioi diaii as ^p^g 
4- so. Aias &m d\±2\ &&ou auiaispi chichi as sirsi g,^i ^ ai 

BS 4^ SAQ. 

^^2J ggfi i^2^Mi Vim Dl±2\ SSS ^B^oi 4^ 3 §19 ^§ }^£| ^ 

^ AIB0I 2§£IH1 MdlCH^F g^6| 4^ S13, 3 £16^01 01 Ail 951 3fe l^^O) 

S«l 4= 

^EHl ^§1 ?15HAi^ ±1*21 tilSS Q^MM BSAIOI 

301 Sil^Oia. ^M3f Ofl^(Ar)^ yi©^ ^laiOlffl *2I Ol^a OHUXPJ 24.56eV2f 

15.76eVl AH1 CUCf. 3d-iHl ±§ S2| ^MOIU Of§2§ SE^ 1& V 6^01 »WI 51 

^ EH Oil AH XH1 5^2| HISM flIOItf 4^ 2iCh 5^2j ^X^^ 51 si ^ EH Oil AH iMEI M 

EI3CHM saw. eai3CHfe 1-.121 o:sim m= 52? «i#sa. 3E-iu mEi3oi^ ?iboo 
aaahSAH ^mm i-mw m^o\\ um ch ^o^a. 3 uib pibwi b^si hi^ 
a &4*u ^soii cciaf Baao (oii> is ^^m^ 011x11 5011 ah^ 3 u\d[ 3:2a). 

6fEHS XH^ 5IA01IAH Si :02| bl^ Sf&SOII 11^ QS[}. 00* MS, atftt&t 2 UXI 
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60JIAH 0:Si2J bib 2*2*' 2:1. 1:1, 3:2, 1:2 Si OMOIU. 0:Si2J b\D\ ( Oil « MS 3:2 £b 3 01 

ih^ ^m Ahgsie saf^oi- ^ehs. ^ea^ &±°i ^01 -g^ea. °*oi ginsts si 

S Si Oil Sea 01 s| S^Oil H2& «3IS(ofganic groups)OI M£J2§ 3 efOJI £&0| gDPI 

£CK SASHUS 4*±(H 2 )2* 0U6KCH 4 )» &8 «9XIIB ttSgOII §:H6fS gd*£0* &EH2J <i^°l ¥ 
« EJ^OI 3£8hH£ ^J|^2j ^XI§!U. ttCHS 0:Si2J HP* ^22 ( Oil « MS 3:2 EE 

fc 3 0180 QtS gg8PI ?ioHAI ±(N 2 0)2f 6*±(0 2) » ^SfXilM S^AIS S^8fe 

5ioi «s»o. &§!nm &®M9\ 3 3 as ft- mom xrschi Hi oh ^**a>3 3 u\ 

^2 #4*E ^^8fe 01 1 tit *J§j£| ^HlOil Dldl §i 4- SID. C&2MH 11, 0^5 § 

a si °m as» 4* 2ia. 



:>ie> ^ot 

£PI OHXIIOIIAI ^die MdlCHg XHS D[±m ^£6PI BS e»^£ ^ JH 0|oh 

21 B^Aia(alkoxy groups)^ 3>:»U OFUS m^M^m 5101 fcttB5|8m. Ail JW 0I&2I ST 

^Al^e 2£b XH^ A^§£ <M1 ^dl^ M£ICH2J »«H81H£ b,*2| dl^2 &40F ^0f£! 

a. si ^x\9] aiegxife (si &im vtm^m d\®d\ ch oibiwsai sibb »^ disci 
en ^ofsa) sbb mmms\ 1 am, ¥ :>h £b aii ;hhj si mx\m »«6>fc 201 utssist 
a. B^Aias a- :h mxi aii :hhj &± @ixfm sssffedi. am ee^ ¥ :>H2j &± ^xim & 

te 20I tttB£|8m. Si 21 BBC* &§f 4=£fe S§ 1 UIXI 123>H2| §J XI- H 3£fe0| , 1 UiXl 6JH2J 

&± §!xfs g^t soi a^sista. d^^ &^ &m^± mmmm o\m m^MB ami\ ^ 
o. 

Si a O a -lR2a-0+2 (0C n H2n+1 ) 0 

OP I AH ab 1¥9 3^X|2J §4-013, 3 b 0, 1 20I3 1¥Ei 3^X|£| §4^013 Si Oil ^D" 

& Ci-6°) &sf4-^a. ^sfXilU Afg 01¥b ^'£ie Mdim^Sj dl^S ^4= ^Sxl (3.30 01 

6K dF^^ioMib 3.10 oioK Ma dur^e^ib 2. so oism) S dl^2 s 2}§S 

^^Oil Da S^&CHS ^»»m &§!XIIS d^6PI ^SHAHb Xtm ^^OilAH 0:Si 

disE naea. 3 dim 3:2 di&oih ^s^im af§6F3 u\d\ as sani AFga^ 201 

df^^8FCK LH^U O^^Hf UM^ ^8 dl#^ ^Ifllb i^Of ^§1 XilCH6f^l ¥1^ 2 01 XI S ^ 

£ia aacHots ^^aibai sis g^ae oma. xhs ^ s^f 5^21 ^^se i^ot 

CVD SxICHI a>af gag 4- 2iCK ^die Me.ICH^2| dl^S ^4=M (XHS J\±9} mJ\ J\±sL 

S) ^^2] AIZIBI- ^^AI^IAH §^ 4^ 2idK AI^OI ^4-^ d|^2 ^ 

4-fe CH ^O^CK MOiy AI^OII Q\& dl^2 ^4^2J ^^^01 &m 4- ^13, ^§2J AIZ} 

S2f ^oiib di^s ^4^2] ^moi ^ssi sOiya. ^. y§ ^^21 ±* aizi ^oife di^s 

^4^^f S^8| ^CH^ia. UI^S &40* 3 ^P2iM 53 01 US dl^S ^4-2] gj-^^l- &Sf£!U. 01 

28 DH¥ SDI^^ 20IU. ^ aSOIIAI^ Qt2j dl^S ^4-21- 3^21 A|^ Z}2| ^§2J ^ 

5+ S^IIOII ^»6F01 dl^S &4^2| S ^ Oil ESS ttH^XI AlZIg SSAI^HSMI M£| 
Die|2| dl^2 ^4-M ^Sol ^^A|3|fe 201 ^am. 



Oil SI 

» &soii mm us amsfe ^dim ?*sa. oie ^^oiiah^ PM-oMos(Diiyoii^ poii^^ 

a, D oM-oMos(ciDiig oiom^ie. 8)a p-tmos^f xhs p^^ah oies^u. ae2j 

l£»20t CVO SM(EAGLE-10™. Oil 01 Oil Hffl ^^API PfOIAf)^^ SMS 0|g£iaU. Q|S § 

sspi omit sa. 

RF 250W (13.4MHz2[ 430kHzS AHsL Vfl»Oi ^E^M 0I8&Q) 

S£: 400*C 
Big o^e^ : 7 £ s 

AliKRt )fc sfgvAio^ §oj 8a 
Rt[s] = 9.42x10 ? (Pr ■ Ts/Ps • Tr )r W 2 d/F 
0| SfSf^JOIIAH 2|2[2| o fccH - c ^ g oj dh^HS4-M ^dlEJU. 
Pr: ygd ^^(Pa) 
Ps: CH^I 2^(Pa) 
Tr: »s ^^2J SSE(K) 
Ts: (K) 
r w : BXI«(m) 
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d: ^dl^ D\BJ» 2^ AF0I2J §2J (m) 

F: }f^2| S$?gf(sccm) 

a. 

Pr=9.33x10 2 (Pa) 

Ps=1.01x10 5 (Pa) 
Tr=273+400=673 (K) 
Ts=273 (K) 
r*=0.1 (m) 

d=0.014 (m) 



[S 11 
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mm Oil Ml 'U & &S2I Oil HI Oil CH& Sl^e 





s <=> — 


ur — Cr 


MIS 


d|-s TLA. 


Rt 
n 1 


UIttC! 0-7- 




(seem) 


(seem) 


(seem) 




(msec) 




U . CX . I 


mo 

IUU 


1000 

IUUU 


1000 


9100 
c 1 uu 


94 


0 . OO 


(P-TMOS) 














r Cv o 


mn 

IUU 


10 
!U 


lU 


190 
l£U 


419 


*3 49 
0 . 4£ 


(P-TMQS) 














U . tX . O 


ino 


/ ID 


77^ 

f / O 


I oou 


^0 
ou 


^ 41 
O . 4 1 


f PM-DMOS) 














U . tx . 4 


100 
IUU 


r^o 
oou 


OOU 


1900 
I<lUU 


41 
4 I 


^ 41 
0 . 4 I 


(PM-PMQS) 














L».tX. O 


1AO 


4oU 


4^0 
40U 


QAO 

you 


0 1 


Q /IO 
0 . 4U 


(PM-DMOS) 














P Cv 

U.tX. D 


inn 
IUU 


om 
0 1U 


om 

0 IU 


7 OO 
f £U 


00 


0 . 00 


(PM-PMOS) 














Cv 1 

tx . I 


mo 
IUU 


J4U 


1/in 

14U 


/ion 
4oU 


mo 
lUo 


O 10 
O . IU 


(PM-PMQS) 














Cv o 

tx . £ 


inn 
IUU 


mn 
IUU 


mn 
IUU 


onn 
oUU 


loo 


O 7A 


(PM-DMOS) 














tx. o 


inn 
IUU 


7n 
/U 


7n 
/U 


o/in 
£4U 


onR 
<iUo 


£1.04 


(PM-DMOS) 














tX. 4 


inn 
IUU 


mn 
IUU 


IU 


1 on 
l^U 


yl 1 0 

4 l£ 


c.40 


(PM-OMOS) 














tx . 0 


inn 
IUU 


in 
(U 


IU 


1 on 


/i 1 0 


O 


(DM-OMQS) 














Ex. 6 


25 


3 


0 


28 


1764 


2.51 


(DM-OMOS) 














Ex. 7 


25 


0 


5 


30 


1647 


2.50 


(DM-QMOS) 


















H 2 
(seem) 


CH 4 
(seem) 








tX. o 


inn 
IUU 


on 


u 


1 on 


A 1 O 


O CO 


(DM-OMOS) 














Ex. 9 


25 


5 


0 


30 


1647 


2.49 


(DM-OMOS) 














Ex. 10 


25 


0 


5 


30 


1647 


2.67 


(DM-OMOS) 















dim oil xii 1 

XHS P-TMOS (100 seem) 

S3* D[±: Otm.& (1000 seem) % if (1000 seem) 

BIS ^3 §gg : 2100 seem 

n« aa«pi net 52 si ant &:>ia »a. ^ ais Rtsi ai^ats 24 mseca. ^ ouxn 

2] m<£^2] dl^S £J4*B 3.38S ghfcAIHCL 

dim on si 2 

aUS P-TMOS (100 seem) 

&D\ OfS£ ( 10 seem) SI lUM (10 seem) 

BiS 3h±2| §S§: 120 seem 
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m&o\J\ «ff PIE} 52 ^ SMte &3M2I- »CK 

si 5218 aaotsi bi^^i £>^s 3.42^ a^Aiaa. 
dim onn 3 

XHS PM-DMOS (100 seem) 

8D\ Ofs^ (775 sccni ) QJ gig (775 sccm ) 

Vim ^521 1650 sccm 

ots ssspi jiei 52 as sat s^ia- aa. 

2] 52§g m&^2\ dl^2 3.41^ ^Ai^a. 



&^ AI2 Rt2l Jltfag 412 msec a. S Oil XII 



AI2 Rt2l 3||^aS 30 msecCh B Oil 191 



4^ AI2 Rt2J 311 41 msecQ. B Oil XII 



dim oil hi 4 

XHS 1^5: PM-DMOS (100 sccm) 
SIH Ofrss (550 sccm) S! (550 sccm) 

^521 1200 sccm 
°tit ssanx we ^ie}- 52 s sxife A o^i2i »o. 

21 di^2 3.41S ^^AI^LK 

dim oiixii 5 

XH^ PM-DMOS (100 sccm) 

J\±- (430 sccm) S lUM (430 sccm) 

B}§ IH52j e^g: 960 sccm 

ojs ggsp| 91 e J|EJ- 52 ^ Sxlfe &3I21 aa. AI2 Rt2| M#2iS 51 msecCf . B Oil XII 

21 i2M^ SeW2| 3.40^^. 3£AI?&a. 

dim Oil XII 6 

XHS PM-OMOS (100 sccm) 

0* = 2 (310 sccm) 3i 11 (310 sccm) 
£}g }^2| 720 sccm 

a*« m&o[d\ &m j\b 52 §y sat £>oi2f ira. 



AI2J- RtSI M^haS 68 msecCK B 011X11 



§120*21 dl^S 



3.35^ U±AiaCL 



21 5211 
011X11 1 

XHS PM-OMOS (100 sccm) 

J\±: 0\^.£ (140 sccm) S (140 sccm) 

2^21 §gg: 480 sccm 

a«8K>i we jiej- s sxife aa. ^ A12 Rt2j ai&ss 103 mseca. b oiixii 

21 52fg §2^2) dl^S 3.10M 3£A|»CK 

011X11 2 

XHS PM-OMOS (100 sccm) 

82 1- 0l = £ (100 sccm) ffi SIS (100 sccm) 

y§ }^2J S^g: 300 sccm 

Q|e 3|Q 52 S Sxlfe &3l£f BO. Aiy Rt2] JlfcfaS 165 msec a. B oiixii 

2] 5218 «0B[2| til^2 &4*M 2.76££ £5A|&a. 

Oil XII 3 

XHS 1^5: PM-OMOS (100 sccm) 

&D\ m^: Ohs^ (70 sccm) ^ Hfl (70 sccm) 

BS 240 sccm 

Qj"M gsspi «e ^ie} 52 » sxi^ ^^ia aa. aizi Rt2j si^as 206 mseca. b oiixii 

21 5218 ggetSI dl^S ^4=M 2.64S ^5AI^Cf. 
Oil Ml 4 

XHS PM-OMOS (100 sccm) 

(10 sccm) 32 MS (10 sccm) 
SIS ^f^21 S^^: 120 sccm 
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mgo\J\ ?IE} 52 §J g«te 4f3l» BO. AIZI Rt2| Mt^aS 412 msec a. S Oil HI 

21 5^18 bssjsi oi^s &m*b 2.45s s^aiiso. 

OloK 6PI HIAIS Stii £ 2 ^ £ 3HI BeSKH 3Mg 31010. £ 2^ XH£ IH5S PM-DMOSB 01 
gShfe: ^ g Oil AH A12 Rt2* XHS ^52] Hl^cH &4*3 B*g 3h±2| S«8»2| ^ 

jib uqu! naiHoio. £ 3^ His pm-dmosm o\Bm$= u^oum a? aiz> ma di^s # 

4-2J a?ll» UEia 32HHO. 

3dKH, PM-OMOS Slfl i^^°J bl^S &4*2| &^IM SAf&O. £ 2£= dl^S &40f 3.4^ >i 

a SJ§8fXI°) 700 sccmOldfe 51 UOfchO. 3B.-IO #4*fc ??S £5011 OO, 

^. CHBf 700 seem OISKMI AH 01 XI 21 ARSO. SSOI 500 seem OI6hS 101X19 AI2J Rtfe ^ 

e^fSUl til^S &4>fe ^3£S ^0)£!O. yBOil £ 3£ ^ AI2 Rt CH^f 70 msec^O 5 

w bi^s &4^ a-fcspi arscm- as uoyo. ^ aiz* Rt^h 400 msec mo m [EH bis 

2 #4* 2.4S i!0i£!O. 

3£H°S B ^§2] Oil HI Oil /H^ ye 3H521 PM-DMOS 2*5 Si §^ ^52| §^gi HI 01 SIM Rt 100 
msecSO BOfSOB Hl^cU &40I- 3.1 0I&2S HI (MS 4= &Ob 31 a«l»3B MOISO. 

Oil HI 5 

3£IH UAH DM-OMOS 8)M SAISO. 

mm±> 8 



Rl 

I 

CH 3 - O - Si - O - CH 3 
I 

R2 

XHS 3 hi: OM-DMOS (100 seem) 
a?* }>5: 0tS5 (10 seem) g tye (10 seem) 
:>f521 §S§: 120 seem 

°ie saspi ?ie :>io ^2 §y sat ao. aizj- wsi ?ii^as 412 mseco. e 

2| 5218 1£^2) til^E &4*B 2.58^ S-5AISO. 
Oil HI 6 

HIS ^5: DM-OMOS (25 seem) 
S3 1- 0FS5 (3 seem) a MM (0 seem) 

3^21 §Sg: 28 seem 

Bg8t?l fl» 3IO 52 3! Sflfe £PI3 SO. AI2 Rt2| ai^SS 1764 msecO. S Oil 

a si aewai &4>s 2.51s a^Aiao. 

Oil HI 7 

HiS It*: DM-OMOS (25 seem) 
S2I- OJSa (0 seem) g MM (5 seem) 

^2| §S§: 30 seem 

st§ ag8t?i «a D\Ei 52 a sa^ spib so. Aia- Rt°j ai^as 1647 mseco. a oti 

HI 21 5218 a^QtSJ til^S 2.50°S ^5A|^0. 

Oil HI 8 

HIS 0M-DM0S (100 seem) 

\ 4=5 (20 seem) SI CHI & (0 seem) 
ye Pf52J §^§: 120 seem 

°ie ^^spi «b ^ i a 52 a sw^ a^ia so. Ai2 Rta M^ae 412 mseco. a oiihi 

21 52MS aaotSI bl^S ^4=g 2.52S ^5AISO. 
01IHI 9 

XHS ^^5: DM-DM0S (25 seem) 

mi\ ^^5: 4-5 (5 seem) gj HIS (0 seem) 
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SJg §Slf: 30 "seem 

ggSPI ?ie JIEj 53 gJ Sflfc 4PI£t fe^ AIZ) Rt2| 3II&&B 1647 msecCK g Oil 

*II2| 521^ BHaf2| bl^S 2.49^ ZteAIHO. 

011X11 10 

XH£ DM-DMOS (25 seem) 

£PI- D[±: 4^ (0 seem) B 01IB (5 seem) 

*}m SSB: 30 seem 

°tm n^api we pie[ as §xi*= £Pi2j aa. aizj Rtsi ai&ss 1647 msec a. b oil 

Xil2| »0fi[2| bl^a £> h ^M 2.67S &±MZLQ. 

£Pl S HFfe 221 XH^ 3^(R10l|AH CeHsM, R20IIAH CH 3 S 5^ HRPM-DM0S2I R1CHI Ai CH 3 

8. R2CHIAH CH 3 S lit DM-DM0S)0I!AH ¥ SBSOI 2¥ 0H¥ irfg bl^a 4K*(e<3.1)8 SJte 83^8 

49 gB 4* &a;= 5ie uaaa. 

OlSI-OilAHfe PM-DMOS D\±m CH^efe P-TMOS 3^1- SBC! BjUB XII 3 B 4^ Si^XI SAHf 330ICL 
dim Oil HI 1Hf 2 S¥ P-TMOS M XH^ Afg» Oil AH 2£ BSD. OIM Oil XII fe «8 3^2| 

e^^oi ^xioi 5.7%^ mchmch£ bi^a &4oi- &±mx\ s^Q^ soi^a. pm- 
dmosoii B«a = sgm bi$?a g^asi a:apt p-tmoso]|ah^ ^tygxi ata. 

OloK AH^ a§ XHS Jl±m M§g OB 21 b|^2 #4*21 xfOIOII CHoH SAJB 3S0IO. 01 JS 011X11 22f 
B B82| 011X1! 4M billot ^^Hf £2S0I §gJ&OII£ P-TM0S2J bl^a &40I- 3. 4221 ^3011 

PM-0M0S2] dl^S #^fe 2.45Q. bl^a #4*2*21 »OP* 32 XHS 3^21 S» ^£0{| »0PI- SIJI 
SO. PM-OMOS^ ^dl£l!= 3»0I #0|a|£S BBSS S»2I 0-CH 3 ^tl 3f2 &OUH gi 

fll «lgO| HOmn MdlCH 7pf 3f£ # EH Oil AH 01 8EIDP* B£a 3IB«0II 

§S[£|CH 01 All Qg 751 l^mOl 3 ^jfl- B3e*2l bl^2 #4PF B.H3I3 P-TMOS^ Ail 

^H2J 0-CH 3 M SPI ttH^Oil AIZIOI HSS01SE S£l DPI- ^§2^ S^WX! SbQ. HF^AH S«W 

S 01 Ail ME bl^2 3>XI & h ^D. 

oig ^go S xhs oigQ^ &tf4-4i mmmo\ si-o in- ^ei ofu a sen ^ 

21 o-CnhUi ^mm uopi- ¥ 3H2i (si) 21a ^ i>fe 201 

smb 5101 g-iaiaa. 

s bsoii i^s bi^2 ^4=s £fe Qtsi ass "si^ bi^^i ^^21 aaaa a 

§g§ g^^SPl ¥loH, PM-DMOS^ I- Ojg£ie 011X11 42[ DM-OMOS^^ 0|g£Jfe 011X11 5011 CU^AI b^B bl^S 
(1) bl^S ^^2j ovg^ 

et21 bl^S fe^2] &§}t: ^ ¥^i0ilAH PM-OM0S ^ DM-DMOS ^im ^86f2 b^IM ^2 AH ^§9 

Q s t 2|2|o| o|g ]m ^^|oj Si o||0jHi0il bl^S ^Ol §^£IH 1 A| 2± 120°C 

2f 100% ££on *wa ^oii ^§@a. n api H2f aa. atg ui^s ^4-21 est 

13 2] 





S5f 3^ 




7)f2 ^ 3^011 AH Aia __ 




PM-DMOS 




?45 


Oil SI 5 


DM-OMOS 


2.58 


2.58 



(2) g^j Oh§/H 

11^ Eil^^M SoH ^ ^£2| ohg^g ^^^a^ClK ^, Si SHOIW0II PM-DMOS^ Si 911 

01 Hi Oil gSS DM-DMOS 2j Mill £!S ^ EH Oil ^& 10°C blS^ S^S API 2 AH, ^ CHI AH B 

^X^2J ^§§a. £ 4^ ^>^olb eel CH 4 21 B^^S 2]6H g^g= 16g a 

^2j ggs} ^^^^m UEiy nenHoia. £ 5^ oil ah b^@ s^^^oii mm as ^EH2i,e^ 

M MCH^ Zl2HH0ia. S= ^SOilAH BSE 400°C 01 6h01[ Ai CH P CHI AH £ Q*2| BB«fOI S^SIXI 

D. B^S CHSf PM-DMOS Oil AH 450TCCH1 DM-DMOSCHI AH fc 500'COilAH AI^SD. ^8 bl^2 of Oil 

fi^pa^ asas ae.^2£ 40013 ljxi 450 chi choHahcl ushhs pm-dmos ^ sy dm-dmos 
bi asaoi 501 ggsiaa. 



a*eai£ e waoii cua- xhs ^ai^ b^ siisi oiswt yas ua^oi 

kn, lh^^oi ^i) bisa ^4-^1- g^ste aa&a. 01 2ioii£ ahs ^^21 Aieie xnoi 
moi Qt2j bi^a fe^s m^^o^ nam gois^i xiioib ^ aia^ 201 g-taiaa. uopt b ^ v 



19-13 



§}H = 5)^1999-0072427 



soil °im sa? Sibit* §bis Aigaixi ams is°4i goiscni a^m 4= sipii shso. 

OI&OUAUr S S?g2|' dhSSjgl 0|| X|| Oil CHoHAH ggS)SBU S ggg US 21 b)tf£)B 0)1X11011 

bssixi omsfo), §?g?iouH s^sife e as 21 exie aoiyoi gjoi ssh a v soi ^s)fe 51^ 

SOtCHIA) g&2| XI^S 5)£! X)£IB ip^XI OgfB Bg ^AP) 5U§B 5J8 sgOIS, 32} sg a 
SS S^g?) LHCHI 2,15)1 SO. 

(57) at-PSf S9I 
1 

S£)£0) xH £1 CHi 2|SH BSX)I 5IB&0H ^£15 §£ID) i^^fl S^APIfe gJgOfl 2iO)AH, 

^ 5H ol5^°l s^Aise s^Aisg s>xi oilisi^ ^£ie &s bs)4=± mmsm *im j\§}m 

54 *J£IE SaifflS XHS 5)^g £!S8K= B51I: 

BE HI 5IS0I HHxl£IO)2Jfer §£)*□!• CVO x)£lg g}§^£ XHS 5)>iM £2J3)fe B5)l: 

^£IS S£lffl9|0| IS! HH &P| *J£IB M£IO)9fO|| 4ig b|2| 0:Si5) XIISEIE* £S)B S£)2S0) B 
m X)|CH§ IP) 5f^S EgJ8hfe B5)l: 

&5I XHS 5)^2) &5I £P) 5)>iS ^SB B§ 5)>i5) SXHSIfe 4PI Bg^CHIAI S£^0) mm BS 
m £}Q§iA\3iM b|«S &4»M ^£IS B£IO|Qt8 BEX1I 5IB^0II SSSIfe B5)|; SI, 

&P| B§ 5h^2| BS£ LH B§ 5)^21 AIB8 ^!£IB M£|D)Q|S| bl^S &40) ±§ St 018) 

51 § (fflXI)XI BSSIE^ Bs 5)^2| ^SlfS X)IO)S)B B51IS 5t)3)fe 3Js f§°l Slfe *J£| = 
S£IQ) IBStHl gggfS. 

S^S 2 

XII moil 2)0) AH. 

4PI AIBS &PI bl^S &4*S £PI AIB2) £fBAISB£MI IgElfe 5i ^S2£ 811= 

^£ie S£icn sasj-si isaa. 

3 

XII 19011 2)0) A). 

&5| *J£|B Bs)4=4: §m§ LHOII £XH8)B g^AP) 1 LHXI 32) B± BX)8 Sfc 2!S ^§2£ 
8)fe *J£IS M£IO) §aof°| SSSB. 

4 

XII 180II 2iO)A), 

*j£ib ea^i ass oil exHShfer 1 lhxi 6°i b^ axis 31 "§°s sife 

^£|= S£ICH §B9|2I SSSa. 

S^Plf 5 

XII 1S0II 2iO)AH, 

*j£is m& mmmo\ 1 lhxi 321 ^£is sin a>= 51s §i§°s si^ ^£is g£io) §b 

Sf2| 

6 

hi moil SICHAH. 

^£|g »S BS4^ a»SOI »ahA| Sia0a- 1 R 2 a-B«(0CnH 2 n t ,)8§ 5)XI01, OPIAH afe 1 LHXI 32| § 
4=. PfeO, lib 2. 1 LHXI 32| §4=. Rg S i CHI V^B Cm B^4=4:B 51 8)fe: ^£| 

e §£ich gaajsi issa. 

S?9 7 

XII l&Oil SICHAH, 

S5| 5)^fe OtsB(Ar)0|U gg(He) § ^!0|£ 0)5= 8IUS OI¥0)Xlfe 31 8)fe ^£|& § 

£ICH saotsi g^^a. 

8 

XII moil S101AI. 

4.PI §51 5|>:fe ^§2] Sl§ 5>fe MZm S£IO)9fg S^5)E^ ^51 5^ LH Si :02| blOH 2|SH § 
§E|CH AhSEIfe §2| 6IUS 0I^O)X|fe 21 ^§21 6) is ^£15 S£ICH §2^21 

S^Pif 9 
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HI 780N 2JOUH. 

%D\ D\±$= £g£1 S§§ ^dlS S£|CHe|« 1S6E^ feOI XHS 31^ LH Si -0SJ UlOil 21 

6H §§eioi Ai§a;= ^aaia saai s ch^ sms oi^chxi^ sis si^ ^sia saim 

a?» 10 

M IS Oil SI 01 AH. 

6,01 feisis ss &si4=i siiigs a^2£ sssib ssas oi^ois nm mmu cm 

£lb 5§ ^§°£ Slfe *J£|g S£|01 §2 e| HI SSSS. 
Rl R1 

I I 
C„H 2n+1 - O - Si - O - C m H 2m<) R3 - Si - O - QH ta », 

I I 
R2 R 2 

Rl R3 R1 R6 

II I" 
C n H Jn „ - O - Si - O - Si - O - QH 2m+) R2 - Si - O - Si - R5 

II ' ' 

R2 R4 R3 R4 

R1 
I 

R2 - Si - R4 



R3 

0\D\M. R1. R2, R3. R4. R5, R6fe ^U^°l CH3( ^ CzHsf c 3 h 7 £fe c 6 H 5 0|H, m, n£ 1 LH XI 69\ § 

&=?m 11 

XHI 1S0II SUCH AH , 

&J\ 3h^2l StTOI ^die 8£IO|SJo| til^S #401 3.30 DIEIOI HE^ Xjl CH SJ ^ 51 ^ 

«?» 12 
fll ISM 
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5*t(T 8 



4*10"' 



oji 3*10' 8 

LLH 

°* 2>1(T 8 



1x1 cr 8 L 



10°C/min 
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